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Abstract
The author re-examines the ages of the upper Pleistocene and the Holocene formations and the rel-
ative sea level change curve on the basis of stratigraphy, distribution of beds, volcanic ash, molluscan
fossils and 14C ages in the Takamatsu Plain, southwest Japan. The author also discusses the geomor-
phological development in the plain.
The middle to upper Pleistocene in the plain, consists of the Lower, Middle and Upper Kotogawa
Formations and the lower Takamatsu Formation of non - marine sandy gravels. The Holocene comprises
the middle to upper Takamatsu Formation of marine and non - marine sediments. The Takamatsu 2 vol-
canic ash is found in the Middle Kotogawa Formation. The Takamatsu 2 volcanic ash can be corre-
lated with the Kikai-Tozurahara volcanic ash.
The development of the plain since the late Pleistocene is as follows.
i) about 25,000 yrs BP, the Kotogawa Fan (stage PI) and back - marshes were extended.
ii) during approximately 13,000 yrs BP to 6,800 yrs BP, the Kotogawa Fan (stage P II) formed as
valley - fill sediments after the lower terrace scarp was formed.
iii) during approximately 7,000 yrs BP to 5,300 yrs BP, around the Jomon Transgression, the
Kasugagawa-Shinkawa Delta (stage I) was formed.
iv) during approximately 5,000 yrs BP to 4,000 yrs BP, a minor regression after the transgression
took place; the Kotogawa Fan (stage P II) and Kasugagawa-Shinkawa Delta (stage I) were eroded by
some rivers. From about 4,000 yrs BP to 3,000 yrs HP, Kasugagawa-Shinkawa Delta (stage II) and
the Paleo- Kotogawa Delta were formed when sea level was recovered.
Key-words: Takamatsu Plain, Pleistocene, Holocene, radiocarbon age, K-Tz, geomorphological devel-
opment
Introduction
The Kagawa Prefecture is located in the northeast-
ern part of Shikoku Island, Japan. The Sanuki
Mountains are in the southern part of the prefecture and
the Sanuki Plain is in the northern part. The Takamatsu
Plain is one of the plains in the Kagawa Prefecture. It
is a suitable area for Quaternary research, especially
subsurface geology, because many borehole logs and
samples have been collected here.
Research on geomorphological classification was
reported by the Geographical Research Institute (1986)
and Takahashi (1987). Kawamura (2000c) studied the
late Quaternary deposits and named them the Kotogawa
Formation and the Takamatsu Formation, on the basis
of lithology, presence of widespread volcanic ash lay-
ers and 14C ages of woods and molluscan fossils.
Furthermore, Kawamura (2000c) discussed the deposi-
tional environment and the relative sea -level changes in
the central Takamatsu Plain during the Holocene. He
estimated that the bottomset beds of the Paleo- Kotogawa
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Delta began to be deposited ca. 4,000 yrs BP, that the
foreset beds developed around 4,000 yrs BP to 3,600
yrs BP, and that the topset beds were formed since ca.
3,600 yrs BP. Kawamura (2002) discussed the deposi-
tional environment in detail based on sedimentary facies
analysis. These studies are confined to the central
coastal area of the plain, so the geomorphological devel-
opment of the plain has not been fully established yet.
One of the objectives of the present study is the re-
examination of the stratigraphy of the late Quaternary
sediments, based on observations of new borehole cores
and outcrops. Another objective is to discuss the rela-
tive sea-level changes and reconstruction of the plain.
Methods of this study are inspection of borehole
core samples and outcrops for recognition of lithofacies,
correlation of volcanic ash layers, analysis of mollus-
can assemblages and radiocarbon dating.
Beta Analitic Radiocarbon Dating Lab. performed
the radiocarbon analysis.
The observed outcrops are station numbers 1, 5 to
8, 13, 14 and 27 to 29 in Fig. 1. The borehole sites
from which samples were collected are station numbers
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Fig. Geomorphological map showing topography of the Takamatsu Plain.
Modified from Takahashi (1987). a: reclaimed land, b: Paleo- Kotogawa
Delta, c: Kasugagawa - Shinkawa Delta, d: natural levee zones, e: allu-
vial fan, f: terrace, g: alluvial cone and talus, h: hill and mountain.
A - A' to F- p' indicate baselines of cross sections in Fig. 3. Numbers
are locality numbers of collecting samples.
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I to 4, 6, 9 to 13 and 15 to 30 in Fig.!.
Geomorphology and geology
The Takamatsu Plain faces the Bisan - seto of the
Seto Inland Sea in Japan. At the boundary area of the
Sanuki Mountains and the Takamatsu Plain, two faults
are found; the Nagao Fault (Saito, 1962; Sangawa, 1978;
The Research Group for Active Faults of Japan, 1980)
and the Ayutaki Fault (Sangawa, 1978; The Research
Group for Active Faults of Japan, 1980). Classification
of the degree of activity of the Nagao Fault is Class B
(The Research Group for Active faults of Japan, 1991)
and that of the Ayutaki Fault is Class C (Kobayashi et
ai., 1986; The Research Group for Active Faults of
Japan, 1991). The southern block of the Nagao Fault
was relatively raised. Some rivers flow into Seto Inland
Sea; these are the Honzugawa, Kotogawa (commonly called
as the Hazegawa), Gobogawa, Tsumetagawa, Kasugagawa,
Yoshidagawa and Shinkawa Rivers (Fig. I). The
Honzugawa, Kotogawa, Kasugagawa, Yoshidagawa and
Shinkawa Rivers originate from the Sanuki Mountains.
According to the Geographical Survey Institute (1986),
the Takamatsu Plain is divided into the Takamatsu and
Ikenobe Lowlands. Takahashi (1987) presented a pro-
visional geomorphological map. The author draws
revised geomorphological map considering subsurface
geology (Fig. 1).
1. Takamatsu Lowland
The Takamatsu Lowland is located to the west of
the central part of the Takamatsu Plain, which is formed
by the Kotogawa River (Geographical Survey Institute,
1986).
The fan along the Kotogawa River distributes
between T.P. (Tokyo Peil) 13 to 100 meters
(Geographical Survey Institute, 1986). The author
names it the Kotogawa Fan. A recent river-mouth of
the Kotogawa River is located in the western coastal
area, between Mt. Mineyama and Mt. Goshikidai.
According to an old map drawn in A.D. 1633, the
Kotogawa River had another main channel flowing from
Ono, Kagawa Town, along the present path of the
Gobogawa River. The Gobogawa River has two dis-
tributaries at the lower reaches, for example, commonly
called the Hazegawa River and the Senbagawa River.
Before the 17 c., one of the old, main channels of the
Kotogawa River (now the Gobogawa River) flowed to
the east of Mt. Mineyama. The author names the river
the Paleo- Kotogawa River.
On the Kotogawa Fan, buried river channels are
found. The Kotogawa Fan was eroded by one of chan-
nels, the Gobogawa River. The terraces which made by
erosion of the Kotogawa Fan distribute along the
Gobogawa River. The terraces was named "The Lower
Terrace" by Geographical Survey Institute (1986), oth-
erwise, Takahashi (1987) named it "The Holocene
Terraces".
Between TP. 0 to 13 meters in the central coastal
area, the land is classified as delta, coastal plain and
reclaimed land (Geographical Survey Institute, 1986).
Takahashi (1987) divided the delta into Delta I (T.P.
2 to 6 meters) and Delta II (T.P. 5 to 13 meters) at
lower reaches of the Gobogawa River. But he didn' t
refer to the point of view of the geomorphological clas-
sification. According to Takahashi (1987), the land dis-
tributed from TP. 0 to 6 meters along the lower reaches
of the Gobogawa River is artificial land, but consider-
ing subsurface geology, as the author mentions later, the
land is a delta (Kawamura, 2000c). The author names
as Delta I and Delta IT distribution from the lower
reaches of the Gobogawa River to the Suribachidanigawa
Ri ver the Paleo - Kotogawa Delta.
The river-mouth area of the Honzugawa and
Kotogawa Rivers, the land distributing from TP. 0 to
5 meters is delta or reclaimed land (Geographical
Survey Institute, 1986). Takahashi (1987) divided the
land into the Delta I (T.P. 3 to 6 meters), the Delta
ITa (T.P. 2 to 3 meters) and sand bar, river-mouth bar
or reclaimed land (TP. 0 to 2 meters). The author
names the Delta I and Delta ITa as the Honzugawa-
Kotogawa Delta.
The alluvial deposits formed by the Kotogawa
River are rich in sandstone from the Izumi Group
(Takakuwa, 1976).
2. Ikenobe Lowlands
The Ikenobe Lowlands are the eastern part of the
Takamatsu Plain formed by the Kasugagawa, the
Yoshidagawa and the Shinkawa Ri vers (Geographical
Survey Institute, 1986). The flood plain is distributed
from 7 to 20 meters and a natural levee is found locally.
The delta is found between T.P. I and 7 meters.
Takahashi (1987) divided it into the Delta ITa (TP. 2
meters to 7 meters) and Delta IT b (T.P. 1 meter to 2
meters). The author names the deltas the Kasugagawa-
Shinkawa Delta. The land distributed from T.P. 0 to 1
meter is reclaimed land (Geographical Survey Institute,
1986).
The flood plain and delta in the Ikenobe Lowland
comprises the Holocene sediments and gravelly sedi-
ments formed by the Kasugagawa -Shinkawa River; they
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are rich in granite and andesite gravels (Takakuwa,
1976). These gravels come from the upper reaches of
the rivers in the northern part of the Sanuki Mountains.
In this paper, the author names both the reclaimed
land and the delta "The Coastal Area", and the area
west of the Kotogawa River is named "The Western
Coastal Area", the area between the Kotogawa River and
the Tsumetagawa River is named "The Central Coastal
Area"; and the area which is located east of the
Tsumetagawa River is named "The Eastern Coastal
Area".
Stratigraphy
Kurihara (1972) described the subsurface geology
in the Takamatsu Plain on the basis of lithology.
Kawamura (2000c) named the Central Coastal Area of
Takamatsu Plain during the Upper Pleistocene and the
Holocene. Then Kawamura (2002c) re-defined its char-
acteristics as Middle to Upper Pleistocene and
Holocene, based on radiocarbon ages. In this section,
the author describes the lithofacies of these formations
and members based on new borehole samples.
The ascending order of stratification of the Takamatsu
Plain is as follows; basement rocks, the Sanuki Group,
the Mitoyo Group, the Lower, the Middle and the Upper
Kotogawa Formations and the Takamatsu Formation
(Fig. 2). The Sanuki Group consists of Miocene pyro-
clastic rocks and lavas (Sato, 1982). The Mitoyo Group,
composed of muds, sands and gravels, is upper Plio-
Pleistocene in age (Saito, 1962; Honza et aI., 1970).
Furuichi (1980) studied pollen analysis of the Mitoyo
Group beneath the plain and he named it the Mitoyo
Group - Yakeotoge Gravels. According to this study,
the lower to middle Mitoyo Group - Yakeotoge Gravels
bear Metasequoia and the upper part of the Group
includes Fagus characteristically. His conclusion sug-
gests that these zones can be correlated with the
Metasequoia zone and the Fagus zone of the Osaka
Group, respectively. Each zone belongs to the Lower
Osaka Group (lower Pleistocene) and the Upper Osaka
Group (middle Pleistocene; Itihara, 1993).
Fig. 3 shows the cross sections of study area.
1. Lower Kotogawa Formation [new usages]
(definition) Lower part of "The Kotogawa Formation
(Kawamura, 2000c)".
(type locality) Typical locality of the formation is
between T.P. -40 and -25 meters at the Act Hall,
Geological age Kurihara Kawamura This study
(1972) (2000c)
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Fig. 2 Stratigraphy beneath the Takamatsu Plain.
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Fig. 3 Geological cross-sections.
Locality numbers are same as in Fig. 1.
1: artificial material, 2: Nishiuchi-machi gravels (Nig), 3: Nishiuchi-machi sands (Nis), 4: Nishiuchi-machi muds (Nim), 5: Kasuga-cho sands (Kas), 6:
Hamano-cho sandy gravels (Hag), 7: Fukuoka-cho muds (Fum), 8: Ban-cho gravels (Bag), 9: Kotobuki-cho upper sandy gravels (Koug), 10: Kotobuki-
cho muds (Kom), 11: Kotobuki-cho lower sandy gravels (Ko eG), 12: volcanic ash (Tkl: Takamatsu 1 volcanic ash, Tk2: Takamatsu 2 volcanic ash),
13: shell. Numbers 2~6 belong to the Takamatsu Formation. Numbers 7~8 belong to the Upper Kotogawa Formation. Numbers 9~II belong to the
Middle Kotogawa Formation.
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Tamamo-cho, Takamatsu City (Loc. 10 in Fig. I).
(distribution and thickness) The formation is found
around Tamamo-cho, Takamatsu, between T.P. -50 and
-20 meters in the Central Coastal Area.
(lithology) The member is mainly sandy gravels, how-
ever, sands and muds are intercalated in the upper part
of the member.
According to borehole logs, the volcanic ash is
found in the clay bed between TP. -24 and -23 meters
at Hamano-cho (Loc. 8 in Fig. I) and in the clay bed
between TP. -27 and -26 meters at Tamamo-cho (Loc.
10 in Fig. 1).
(stratigraphy) The formation would overlie the Mitoyo
Group unconformably.
2. Middle Kotogawa Formation [new usages]
(definition) Middle part of "The Ban -cho gravels, the
Kotogawa Formation (Kawamura, 2000c)".
(type locality) Type locality of the formation is between
T.P. -26 and -20 meters at Kotobuki-cho, Takamatsu
(Loc. 10 in Fig. 1).
(distribution and thickness) The formation is found
between T.P. -40 and -5 meters in the Central Coastal
Area. The thickness of the formation ranges between
about 5 and 15 meters.
(lithology) The member is sandy gravels, sands and
muds. On the basis of lithology, the formation is
divided into three members; the Lower Kotobuki -cho
sandy gravels, the Kotobuki -cho muds and the Upper
Kotobuki -cho sandy gravels, in ascending order. One
characteristic of the lithology is that the matrix of the
bed is arkosic and sometimes the bed includes granitic
rock gravel. The lithofacies of the formation is change-
able in the eastern coastal part.
(stratigraphy) According to the geological cross sections
(Fig. 3), the formation overlies the Lower Kotogawa
Formation.
(1) Lower Kotobuki -cho sandy gravels [new usages]
The member is spread widely beneath the Takamatsu
Plain, and is found between TP. - 30 and - 5 meters in
the Central Coastal Area. The thickness of the mem-
ber ranges from about 1 to 5 meters (Ko eG in Fig. 3).
The member consists of massive sandy gravel beds
whose N - value is more than 50.
(2) Kotobuki-cho muds [new usages]
The member is found between T.P. - 25 and -13
meters in the Central Coastal Area. The thickness is
between 0 and 5 meters (Kom in Fig. 3). The lithol-
ogy is muddy, silty and sandy, with fragment of woods
or leaves. In some cases, grain size of beds become
finer bed by bed. In case of the thicker beds, N-val-
ues range from 16 to 19. At Kotobuki-cho, in
Takamatsu City (Loc. 10 in Fig. 1), the volcanic ash is
concentrated in the clay bed at approximately T.P. -15
meters. The author names it "The Takamatsu 2 vol-
canic ash (Tk2)". Tk2 is found beneath the coastal area.
Observing borehole samples, the member would overlie
the Lower Kotobuki-cho sandy gravels conformably.
(3) Upper Kotobuki-cho sandy gravels [new usages]
The member is found between TP. -20 and -15
meters in the Central Coastal Area. Distribution in other
areas is still unknown. The thickness of the member
ranges from 0 to 5 meters (KouG in Fig. 3). The mem-
ber constitutes massive sand and sandy gravel. N -value
of the member is approximately 50. Observing bore-
hole samples, the members would overlie the Kotobuki-
cho muds conformably.
3. Upper Kotogawa Formation
(definition) Upper part of the Kotogawa Formation
(Kawamura, 2000c). Kawamura (2002) defined the for-
mation sandy gravels, sands and muds that overlie the
Middle Kotogawa Formation around Ban -cho and
Hamano-cho in the Central Coastal Area.
(type locality) Typical locality of the formation is
between TP. -20 and -10 meters at Kagawa Prefectural
Office, Ban -cho, Takamatsu (Loc. 5 in Fig. 1).
(distribution and thickness) The formation is found
between TP. -20 and 3 meters in the Coastal Area. At
inland, the formation is found beneath the surface. The
thickness of the formation ranges between about 1 and
10 meters in the coastal area.
(lithology) The member is divided into the Ban-cho
gravels and Fukuoka-cho muds, in ascending order.
(stratigraphy) The boundary between the Upper
Kotogawa Formation and the Middle Kotogawa Formation,
would be an eroded plane, based on observation of bore-
hole cores. Then these two formations would be bound
by the Middle Kotogawa Formation unconformably.
(1) Ban -cho gravels
The member continues laterally very well and is
widely found between T.P. -20 and 3 meters in the
Takamatsu Plain (Bag in Fig. 3). In the south of the
coastal area, the member is found beneath the Kotogawa
Fan. The thickness is 1 to 10 meters. The Ban -cho
gravels is the main member of the Upper Kotogawa
Formation whose lithology is sandy or gravely. The
Upper Kotobuki -cho sandy gravels has an arkosic
matrix and includes granitic gravels and sandstone grav-
els; in contrast, the Ban -cho gravels contains just sand-
stone.
(2) Fukuoka -cho muds
The member is found T.P. -2 or - 3 meters in the
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Western Coastal Area, and between -15 and 0 meters
with 3 to 6 meters in thickness in the Central and the
Eastern Coastal Area (Fum in Fig. 3). The member
comprises dark silt to clay, and is sometimes interleaved
with peat, sand and sandy gravel. Beneath it along the
Gobogawa River, the member is mainly sandy gravel.
Takamatsu I volcanic ash (Tk I) is intercalated in the
member and is correlated with the Aira - Tn volcanic ash
(AT; Kawamura, 2000c). Tkl is well continuous later-
ally so it is a good key bed. The Fukuoka-cho muds
overlie the Ban -cho gravels conformably (Kawamura,
2000c).
4. Takamatsu Formation [re-definition]
(definition) Kawamura (2000c) defined the Takamatsu
Formation and Kawamura (2002) added the Kasuga -cho
sands to the formation. The author redefined "the
Takamatsu and the uppermost part of Upper Kotogawa
Formations (Kawamura, 2002)".
(distribution and thickness) The formation is found
beneath the coastal area. The thickness of the forma-
tion is between about 10 and 18 meters. The member
is divided into the Hamano-cho sandy gravels, the
Kasuga -cho sands, the Nishiuchi -machi muds, the
Nishiuchi -machi sands and the Nishiuchi -machi grav-
els, in ascending order.
In the Eastern Coastal Area, this formation is found,
but only the Nishiuchi - machi gravels is not found. In
the Central Coastal Area, the formation is found, but
only the Kasuga -cho sands is not found. On the other
hand, in the Western Coastal Area, the Nishiuchi-machi
sands and the Nishiuchi -machi gravels are found and
then some other member occurs poorly.
(stratigraphy) At Nishiuchi - machi (Loc. 6 in Fig. I),
the formation overlies the Fukuoka -cho muds of the
Upper Kotogawa Formation unconformably (Kawamura,
2002).
(1) Hamano-cho sandy gravels [re-definition]
The author redefines this member as non-marine
gravelly sediments.
The member is found intermittently between T.P.
- II and -7 meters, and appears to be bury ing depres-
sions on the top of the Fukuoka -cho muds. Around
Kasuga -cho (Locs. 28 and 29 in Fig. I), in the Eastern
Coastal Area, the member becomes thicker towards the
south. On the other hand, it is not found in the Western
Coastal Area. The member is 0 to 8 meters thick and
the lithology is sandy gravel, but sometimes sands are
present. Wood is frequently present. Kawamura
(2000c) thought this member would be a marine sedi-
ment of the Jomon Transgression, but those sediments
should be regarded as being formed by reworking of the
Hamano -cho gravels at shallow sea bottom. So the
author corrects the definition of Kawamura (2000c).
(2) Kasuga - cho sands
Kawamura (2002) defined the member. The mem-
ber is correlated with the middle of "The Nishiuchi-
machi sands (Kawamura, 2000c)" in the Eastern
Coastal Area. The member is gravel- bearing silty sand
and overlies the Hamano-cho sandy gravels. It is found
in the Eastern Coastal Area and the thickness is 0 to 10
meters (Kas in Fig. 3).
Tidal-flat living molluscan shells are commonly
found in the member (Kawamura, 2000a). The lower-
most part, the silt bed that bears freshwater living
CorbicuLa (CorbicuLina) Leana and fragments of tidal-
flat living shells is found at Loc. 29 in Fig. 1.
(3) Nishiuchi - machi muds
The member is clay to fine sand, sometimes sandy
gravel, and overlies the Hamano-cho sandy gravels con-
formably in the Central Coastal Area. Fossils of marine
living forms, such as mollusks, foraminifera and ostra-
codes, are found in the muds. It is found from the
Central to the Eastern Coastal Area (Nim in Fig. 3).
The member is 0 to 3 meters thick and is found T.P.
-II to 4 meters in the coastal area.
The member can be divided into two beds; the
lower beds in the northern part of the Central to Eastern
Coastal Area, and the upper beds in the Central Coastal
Area. Some volcanic ashes are found in the member.
On the basis of the chemical composition analysis with
EDX -SEM, these volcanic ashes are correlated with the
Kikai-Akahoya volcanic ash (K-Ah) and AT
(Kawamura, 1998d, 2000c).
The member overlies the Hamano -cho sandy grav-
els unconformably in the Central Coastal Area, formed
by reworking of the Hamano -cho sandy gravels, as
mentioned above. On the grain size distribution of the
beds, we can hardly distinguish the member from the
Fukuoka -cho muds. The existence of glass shard of K-
Ah is effective when we distinguish both members.
In the Eastern Coastal Area, the member would
overlie the Kasuga-cho sands conformably, but in the
other area, both members would be contemporaneous
heterotopic facies.
(4) Nishiuchi-machi sands
The lithology is mainly well-sorted sand beds
which overlies the Nishiuchi -machi muds. The mem-
ber is formed in the coastal area and is distributed
between T.P. -13 and 0 meters. Thickness is 0 to 13
meters (Nis in Fig. 3). The member can be divided into
2 beds; the lower beds beneath the Central Coastal Area
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and the upper beds in the Western and the Eastern
Coastal Areas. At Kasuga -cho (Loc. 29 in Fig. 1), the
upper beds are gravel and silt- bearing sand and are rel-
atively poor sorted. The beds are interstratified with
three shelly sandy gravel layers. In the Eastern Coastal
Area, the member overlies the Kasuga-cho sands. The
lithology of both members are so similar that we can
hardly distinguish them if we have no radiocarbon age.
(5) Nishiuchi -machi gravels
Lithology of the member is brown - grayish gravel-
bearing sand or sandy gravel. The member overlies the
lower beds of the Nishiuchi - machi sands conformably,
or is bounded by a weak eroded plane. The member is
found T.P. - 3 to 8 meters along the Kotogawa and the
Paleo- Kotogawa Rivers (commonly called the Hazegawa,
Senbagawa and Gobogawa Rivers). On the other hand,
the member is not found in the Eastern Coastal Area
and so the author therefore thinks that the member is a
contemporaneous heterotopic facies of the upper beds
of Nishiuchi - machi sands (Nig in Fig. 3). The mem-
ber is 0 to 8 meters in thick (Kawamura, 2000c).
Wood bored by shipworm and shells is found in
the lowermost member, so we can conclude that the
lowest member is marine. The lower to upper members
bear wood fossils.
Correlation of the Takamatsu 2 volcanic ash
The author collected volcanic glass shards from
borehole core samples for the purpose of correlation
with widespread volcanic ash. In terms of lithology,
the author describes mineral composition, shape and
refractive index of glass shards. Classification of glass
shard shape is based on Yoshikawa (1976). The method
of measurement of refractive index is by the method of
Yoshikawa (1984) with the computer software devised
by Kimura (1994).
1. Lithological characteristics of volcanic glass shards
The volcanic ash is condensed but is not pure vol-
canic ash in the muds. The thickness of the glass shards
condensed layer ranges from 0 to 1.4 meters. At
Kotobuki -cho (Loc. 10 in Fig. 1), the volcanic ash is
found between T.P. -16.1 and -14.7 meters.
The volcanic ash mainly comprises fine glassy vol-
canic ash, light gray in color after the treatment of
purification. It is almost entirely composed of glass
shards but sometimes includes quartz (high quartz) and
orthopyroxene rarely. The shape of the glass shards is
mainly H type and somewhat T and C types. Brown
colored glass shards are found rarely.
2. Correlation with widespread volcanic ash
To correlate with widespread volcanic ash, the
author studied the shapes, refractive index and chemi-
cal composition of glass shards.
The refractive index of glass shards ranges from
n= 1.496 to n= 1.50 I, and the mode ranges as n= 1.498 to
n=1.499.
In addition, Tk2 is found at the lower horizon of
Tk 1, and is correlated with AT. Finally, on the litho-
logical characteristics and stratigraphy, Tk2 could be
correlated with K-Tz (n=I.496~1.500,mode: n=I.498
~1.499; Machida and Arai, 1992).
Age of the Middle Kotogawa, the Upper
Kotogawa and the Takamatsu Formations
1. Middle Kotogawa Formation
Tk2 in the Kotobuki -cho muds of the Middle
Kotogawa Formation could be correlated with K - Tz.
According to Machida and Arai (1992), K - Tz erupted
between about 95 and 75 ka. Judging from the age of
the K -Tz eruption, the Kotobuki -cho muds formed
around the last interglacial stage of the late Pleistocene.
In short, the Middle Kotogawa Formation was deposited
around the late Pleistocene.
2. Upper Kotogawa Formation
Tkl in the Fukuoka-cho muds of Upper Kotogawa
Formation could be correlated with AT, and the AMS
radiocarbon ages of peats are approximately 25,000 yrs
BP (Kawamura, 2000c). According to Machida and
Arai (1992), AT erupted about 25,000 yrs BP. In con-
clusion, the Fukuoka-cho muds would be formed
around the last glacial stage, and the Ban -cho gravels
would be deposited between the last interglacial stage
and pre -last glacial stage of the late Pleistocene.
3. Takamatsu Formation
(1) Hamano-cho sandy gravels
The radiocarbon age of the wood found in the
Hamano-cho sandy gravels at Hamano-cho (Lac. 8 in
Fig. 1) is 13,070 ± 90 yrs BP (Table 1). And the radio-
carbon age of Corbicula (Corbiculina) Leana is 6,830 ±
120 yrs BP, which is found in the Kasuga-cho sands at
Kasuga -cho (Loc. 28 in Fig. 1).
Other radiocarbon ages of wood at Hayashi -cho
(Loc. 27 in Fig. 1) are 8,130~8,120 yrs BP (Center for
archaeological operations, Kagawa Prefecture, 1986).
The author considers that the member was formed
between 13,000 and 6,800 yrs BP.
(2) Kasuga - cho sands
Table I
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No. Elevation 14 Cage ~13C Calibrated ageof Stratigraphy Ass. Material Method Lab.No. Referencesite [T.P.ml [yrs BP±1 uj [%01 [cal yrs BPI (1 u)
8 Nishiuchi-
-1.0 0 Rudilapes 130±50 radiometric
- 0.4 140 (255-80) Beta- ~~~mura,machi sands philippinarum 129485
1 Nishiuchi- -2.0 A fosinorbis 1.030±60 radiometric + 0.9 980 (1.055- 930) Beta- ~~abmura,machi sands Phacosoma) 116027japonicus
8 Nishiuchi- -9.0 1/ Pap~ia (p.) 2,840±60 radiometric - 0.6 3,060 (3,150-2,960) Beta- -machi sands vermcosa 154757
28 Nishiuchi- -1.8 G Meretrix fusoria 2,970±50 radiometric + 0.9 3,260 (3,325-3,200) Beta- Kawamura,machi sands 110495 1998a
6 Nishiuchi- -7.0 F Scapharca salowi 3.600±60 radiometric - 1.1 3,965 (4,075-3.875) Beta- Kawamura.machi sands 124294 1999a
6 Nishiuchi- -2.0 1/ wood 3,630±60 radiometric -29.5 3,845 (3,905-3,810) Beta- Kawamura,machi gravels (3,795-3,725) 124297 2000c
29 Nishiuchi- -2.9 J2 Meretrix fusoria 3,930±70 radiometric + 1.2 4,510 (4,580-4.410) Beta- -
machi sands 145516
16 Nishiuchi- -4.0 K Phacosoma 4.030±70 radiometric - 0.4 2,620 (2,750-2.545) Beta- -
machi sands troscheli 124086
6 Nishiuchi- -8.5 E Oslrea 4,590±60 radiometric - 0.8 5,305 (5,410-5,270) Beta- Kawamura,
machi muds densefamellosa 124087 1999a
7 Nishiuchi- -9--8.5 B Ostrea 5,820±50 radiometric - 1.8 6,645 (6,705-6,570) Beta- ~~ge~mura,machi sands densefamellosa 106733
29 Kasuga-cho -3.0 1/ Cyclina sinensis 5,860±90 radiometric + 0.9 6.730 (6,850-6,640) Beta- -sands 145518
29 Kasuga-cho -3.25 Jl Meretrix fusoria 5,340±70 radiometric + 1.1 6,190 (6,280-6.110) Beta- -
sands . 145515
29 Kasuga-cho -3.5 H Mya <1renomya~ 5,940±80 radiometric + 0.1 6,790 (6,900-6,720) Beta- -
sands arenarlO oonogol 145519
29 Kasuga-cho -2.5 J3 Cyclina sinensis 6,070±110 radiometric + 0.9 6,980 (7,150-6.840) Beta- -
sands 145517
29 Kasuga-cho -4.0 H Meretrix Iusoria 6,130±70 radiometric + 0.2 7,025 (7,155-6.950) Beta- Kawamura,
sands 138245 2oo0b
29 Kasuga-cho -5.5 I ~orbicufa 6.830±120 radiometric - 7.2 7,945 (8,020-7,815) Beta- ~30'tbmura,sands C.) Jeane 138246
29 Kasuga-cho -4.5 H Cyclina sinensis 7,010±110 radiometric - 3.8 7,810 (7,930-7,680) Beta- -
sands 145520
8 up~ermost -10.0 1/ wood 13,030±90 radiometric -27.5 13,720 (15,590-15,180) Beta- -Fu uoka-cho 154756muds
6 Fukuoka-cho -8.9 1/ peat 24,770±180 radiometric -29.1 - Beta- Kawamura,muds 124295 2oo0d
6 Fukuoka-cho -9.0 1/ peat 26.590±220 radiometric -29.4 - Beta- ~30'0~mura.muds 124296
25 Fukuoka-cho -9.3 1/ peat 24,900±390 AMS -28.3 - NUTA-6 Kawamuramuds 066 et al.,1999
25 Fukuoka-cho -9.3 1/ peat 24,480±330 AMS -27.9 - NUTA-6 Kawamuramuds 067 et al..1999
At Kasuga -cho (Loc. 28 in Fig. 1), radiocarbon
ages of the shells are as follows; 7,010 ± 110 yrs BP at
T.P. -4.5 meters which is the lowest part of the mem-
ber, and 5,940 ± 80 yrs BP at T.P. -3.5 meters which is
the uppermost part of the member (Table 1). No change
of lithological character is observed, so that the author
thinks the member was formed between 7,000 yrs BP
and 5,900 yrs BP.
(3) Nishiuchi - machi muds
The Nishiuchi -machi sands, above beds of the
muds, bear molluscan shells aged 3,600 yrs BP. In the
north of the Eastern Coastal Area, the member contains
volcanic ash layer, but the author has not obtained a
sample. Kawamura (2000c) pointed out that the vol-
canic ash layer can' be correlated with K - Ah on the
basis of the stratigraphy. So the author thinks that the
lower part of the member was deposited between before
6,500 yrs BP when K - Ah erupted (Tsuji et ai., 2000)
and 3,600 yrs BP in the Eastern Coastal Area.
At T.P. -8.5 meters, Nishiuchi-machi (Loc. 6 in
Fig. 1), in the Central Coastal Area, the radiocarbon age
of the shell in the upper member is 4,590 yrs BP, and
those of the shell in the Nishiuchi - machi sands is 3,600
yrs BP (Table 1). Then the age of the member formed
would be at least ranging 4,600 yrs BP to 3,600 yrs BP,
or would be since 6,500 yrs BP in the Central Coastal
Area.
(4) Nishiuchi - machi sands
The radiocarbon age of the molluscan shell found
at T.P. -2.9 meters, is 3,930 ± 70 yrs BP (Loc. 29 in
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Fig. I), but at the higher horizon, T.P. -2.5 meters, that
of the shell is 6,070 ± 11 0 yrs BP (Table 1). Thus,
radiocarbon ages are in the opposite order. The fossil
aged 6,070 yrs BP would be reworked from the Kasuga-
cho sands. The author thinks that the age of the mem-
ber formed is between 4,000 yrs BP and 3,000 yrs BP
in the Eastern Coastal Area. On the other hand, accord-
ing to Kawamura (2000c), the ages of deposition of the
member, are from 4,000 yrs BP to 3,600 yrs BP in the
Central Coastal Area and 1,000 yrs BP in the Western
Coastal Area.
(5) Nishiuchi -machi gravels
In the Central Coastal Area, the member is dis-
tributed in the Paleo-Kotogawa Delta. Some mollus-
can shells and shipworm-bored wood (3,630±60 yrs
BP) are found in the lowest part, and the Yayoi pottery
and the Sue pottery of the 5th to 7th century found in
the upper part of the member (Center for archaeologi-
cal operations, Kagawa Prefecture, 2000). At Loc. 8
in Fig. I, the sands which contains Ruditapes philip-
pinarum aged 130 ± 50 yrs BP underlies the sandy grav-
els. Then the author concludes that deposition of the
member continued since 3,600 yrs BP until 130 yrs BP.
In the Eastern Coastal Area, the Nishiuchi -machi sands
formed between 4,000 yrs BP and 3,000 yrs BP, so that
the lower part of the member is contemporaneous het-
erotopic facies to the upper Nishiuchi - machi sands.
Depositional environments of the Middle
Kotogawa, the Upper Kotogawa and
Takamatsu Formations
1. Middle Kotogawa Formation
(1) Lower Kotobuki -cho sandy gravels
The sedimentary structure of the member is mas-
sive and the member is round to sub-rounded sandy
gravel and medium - grained sand. Furthermore, the
member has no marine fossils and should be river sed-
iments.
(2) Kotobuki -cho muds
Lithology of the member is silt to mud and the
member sometimes contains fragments of wood and
leaves. The author infers from the lithological charac-
ter that the member is a back - marsh sediment.
(3) Upper Kotobuki-cho sandy gravels
Lithology of the member is massive sand to sandy
gravel; gravels are a rounded to sub-rounded. The
author infers from the lithology that the member is a
river sediment.
Both the Lower and the Upper Kotobuki -cho sandy
gravels are arkosic and sometimes include gravels of
granitic rock. The existence of gravels of granitic rock
is an index of the sediments of the Kasugagawa and the
Shinkawa Rivers (Takakuwa, 1976). This suggests that
these members was supplied by these rivers.
2. Upper Kotogawa Formation
(1) Ban -cho gravels
The member is gravely and occurs beneath the
Kotogawa Fan, so that the member is a buried fan
deposit. The composition of gravels is almost sand-
stone. The existence of gravels of sandstone is an index
of the sediments of the Kotogawa River (Takakuwa,
1976). This suggests the member was formed by the
Kotogawa River at the fan.
(2) Fukuoka-cho muds
The member is frequently peaty and would be a
back-marsh sediment (Kawamura, 2000c).
3. Takamatsu Formation
(1) Hamano-cho sandy gravels
This member occurs locally in an elongate N-S
direction (Fig. 4). The member overlies the depressions
on top of the Fukuoka -cho muds. The lithology is mas-
sive sandy gravel, and the member includes rounded to
sub-rounded gravels. The gravel is mainly sandstone.
As above mentioned, the sandstone gravel suggests that
the deposit was laid down by the Kotogawa River.
In short, the sandy gravels would be river-channel
sediments brought by the Kotogawa River after erosion
of the Fukuoka -cho muds. The member is found both
on the left and the right banks of the Kasuga -cho so
that the paleo-rivers would flow around these areas to
north.
The member can be correlated with the Holocene
Basal Gravel (HBG: Endo et al., 1982), based on hori-
zon, age of sedimentation and depositional environment.
(2) Kasuga -cho sands
The member is a gravel- bearing silty sand and
commonly includes tidal-flat living molluscan shells
(Kawamura, 2000a). According to Kawamura (2000a),
the lowest silty bed has the fossil assemblage which
comprises autochthonous Corbicula (Corbiculina) Leana
and fragments of tidal-flat living shells such as Batillaria
spp. Thus the silt is a river facies which was located
near the coastal line (Kawamura, 2000a). The upper and
the middle parts of the member bear a tidal-flat Ii ving
molluscan assemblage (the Batillaria spp. -Cerithideopsilla
cingulata assemblage; Kawamura, 2000a). Three
species, Meretrix lusoria, Dosinorbis (Phacosoma)
japonicus and Cyclina sinensis, are recognized as being
autochthonous in view of their burying position. The
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common living depth of these three species, would be
between the lower intertidal zone and 10 meters. Thus,
the depositional environment of the middle and the
upper member would be between the lower intertidal
zone and subtidal zone off the tidal-flat (Kawamura,
2000a).
(3) Nishiuchi - machi muds
The upper part of the member in the Central
Coastal Area bears the Anodontia stearnsiana assem-
blage, so that the member would be central inner-bay
facies (Kawamura, 2000c). In this area, the member
comprises the bottom set of the Paleo- Kotogawa Delta.
(4) Nishiuchi - machi sands
In the Central Coastal Area, the depositional envi-
ronment of the lower beds of the member would be cen-
tral inner- bay because of the existence of upper subti-
dal zone and lower intertidal zone assemblages such as
the Venatomya truncata assemblage (Kawamura,
2000c). Considering the succession of the members and
sedimentary structure of the Nishiuchi -machi sands, the
member is part of the foreset beds of the Paleo-
Kotogawa Delta (Kawamura, 2000). The lower beds of
the member at Shinkita-cho (Loc. 2 in Fig. 1) bears
some mollusks; e.g. intertidal zone living mollusks
Umbonium (Suchium) moniliferum, Batillaria spp. and
su btidal I iv ing species such as Tiberia (0 rinella)
ebarana, Cylichnatys angusta. Intertidal species would
move it into the subtidal zone. By contrast, at
Fukuoka-cho (Loc. 25 in Fig. 1) in the upper beds of
the member, only intertidal zone living mollusks occur such
as Umbonium (Suchium) moniliferum and Batillaria spp.
A brackish water living gastropod Angustassiminea sat-
sumana is also found in the upper member, interbedded
with three shelly, sandy gravel layers and sand at
Kasuga -cho (Loc. 26) in the Eastern Coastal Area. At
the locality, the assemblages in these shelly layers are
Umbonium (Suchium) moniliferum - Batillaria spp.-
Meretrix lusoria, the assemblage mainly composed of
tidal- flat species (Kawamura, 2000c). Then shelly
sandy gravels would be river-mouth bar sediments. In
short, the lower member in the Central Coastal Area,
would be central inner-bay facies, and the upper mem-
ber would be off-coast of tidal-flat facies and/or tidal-
flat with river-mouth bar facies.
At Hamano-cho (Loc. 8 in Fig 1), wood with a
radiocarbon age of 13,070 yrs BP is found in the
Hamano-cho sandy gravels. Overlying the lower
Nishiuchi - machi sands are beds with some shell beds.
The radiocarbon age of the shell Paphia (P.) vernicosa
in the beds is 2,840 yrs BP (Table 1). No remarkable
eroded plane, however, is found between the Hamano-
cho sandy gravels and the shelly sandy gravels of the
Nishiuchi -machi sands so that the boundary looks
unclear. As mentioned above, the Hamano-cho sandy
gravels are non-marine and the Nishiuchi-machi sands
are marine. The radiocarbon ages of two members are
quite different. In conclusion, the shelly sandy gravel
facies in the Nishiuchi-machi sands would be made by
reworking the Hamano -cho sandy gravels in the sea
bottom. Then the boundary of two members blends with
the unconformity plane. We cannot distinguish only the
grain size distribution of the bed, and to observe the
marine fossils is important to correlate the bed with the
Nishiuchi - machi sands.
Kawamura (2000c) interprets that the Hamano-cho
sandy gravels as being formed as a long shore bar. But,
in this study, the shelly sandy gravel would belong to
the Nishiuchi - machi sands. His interpretation on recon-
struction thus requires correction.
(5) Nishiuchi - machi gravels
In the Central Coastal Area, the member is found
in the Paleo- Kotogawa Delta. The lowermost beds
sometimes bear marine molluscan shell fragments and
shipworm bored woods, so these will be marine
deposits. The upper beds do not bear marine fossils and
would be river-mouth facies and river channel facies in
view of their sedimentary structures (Kawamura, 2000c,
2002).
In the Western Coastal Area, the member is found
along the Honzugawa River, and made by alluviation by
the Honzugawa River. The member comprises planar-
bedded sandy gravels including wood and weakly
eroded planes, so we can conclude that the member is
a river channel facies.
Paleo-depth inferred from fossil
assemblages during the Holocene
The VDM characteristic curve (Ida, 1956) is one
of the methods that represents depth distribution of mol-
luscan assemblages. This curve is a graph of broken
lines that show the species number at every depth zone.
A VDM characteristic curve indicates depth distribution
of molluscan assemblages and shows the common depth
that a mollusk of the assemblage lives. The curve will
enable discussion of the sedimentary depth of the bed
bearing the molluscan assemblage. Ida (1956) used
depth zone by following Oyama (1952), but Kawamura
(1998a) used depth in meters, based on the living depth
range in the coast of the Pacific Ocean (Higo and Goto,
1993). This study follows Kawamura (1998a).
The horizons of each fossil assemblage are shown
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in Table 1.
Only the Assemblages A, D, E and H bear autochtho-
nous shells. When autochtonous molluscan shells are
present, the author thinks the depositional depth would
be the common depth of those shells in the assemblage.
In the case of lack of autochthonous fossils, the author
can infer the sea depth based on the peak of the VDM
characteristic curve of the assemblage, considering the
concordance lithology and the bottom character of the
recent mollusk lives. Concerning this analysis, the
author uses Higo and Goto (1993) and Higo et al. (1999)
as ecological data for mollusks.
Ass. A: The Assemblage A comprises a mixture of
some associations. For example, different depth and
bottom character associations such as inner - bay sandy
bottom and seaweed associations (Matsushima, 1984) at
the uppermost part of subtidal zone, and different salin-
ity of water associations, such as fresh water and brack-
ish water associations. The conjoined valves shells
buried at high angle to bedding plane shows in situ, e.g.,
Dosinorbis (Phacosoma) japonicus, Macoma (M.)
incongrua, Mya (Arenomya) arenaria oonogai, Fulvia
mutica, Callista (C.) chinensis. Mya (Arenomya) are-
naria oonogai and Dosinorbis (Phacosoma) japonicus
are not autochtonous but rate of conjoined valves is
almost 100%. The common depth of these species is
about 10 meters. Hence, the VDM characteristic curve
has two peaks, at the lower intertidal zone and at 5 to
20 meters in depth. The common depth of the assem-
blage is the subtidal zone. Though intertidal living
Umbonium (Suchium) moniliferum is the dominant
species, the author thinks that carcasses of the intertidal
living species would move into the subtidal zone and
would form a mixed death assemblage. In short, the
sedimentary depth of the Assemblage A would be low-
water line to 10 meters.
Ass. B: The VDM characteristic curve of the
assemblage has two peaks, at the intertidal zone and at
10 to 20 meters in depth. The remarkable peak is the
latter but the former is pretty high. The dominant
species, Circe (C.) scripta lives between the intertidal
zone and 10 meters depth, and that is concordant with
the depth of the peak of the VDM characteristic curve.
Circe (C.) scripta, however, lives on the sandy sea bot-
tom, where the lithology is sandy gravels. The dis-
agreement would mean that the carcasses moved into
another place. Some subtidal zone living mollusks, for
example Pecten (Notovola) albicans, are also involved
in the assemblage. The assemblage would then be
formed as a mixed death assemblage made by intertidal
living carcasses moving into the subtidal zone. In short,
the author concludes that the inferred paleo-depth of
the assemblage is 5 to 20 meters (Kawamura, 1998a).
Ass. C: The common depth of the assemblage
would be inferred between the low-water line and 10
meters. Bivalve fossils do not show living positions so
that the fossils are inferred to be allochthonous. The
author therefore thinks that the assemblage was formed
as a death assemblage and that the carcasses moved into
a deeper place. The inferred paleo-depth would thus
be 5 to 10 meters (Kawamura, 1998c). This conjecture
is not inconsistent as the dominant species Anomia chi-
nensis lives between the intertidal zone and 80 meters
in depth.
Ass. D: On the assemblage, the rate of conjoined
valves are relatively low, such as Macoma (M.) incongrua,
Ruditapes philippinarum and Barbatia (Savignyarca)
virescens. Mya (Arenomya) arenaria oonogai is found
as conjoined valves and their buried positions are at a
high angle with the bedding planes, so it will be an
autochthonous one. Mya (Arenomya) arenaria oonogai
lives between the intertidal zone and 10 meters in depth.
The depth of the peak of VDM characteristic curve is
between the intertidal zone and 5 meters; the sedimen-
tary depth would be the intertidal zone and/or below
low-water line. Then we can conclude that the paleo-
depth was 0 to 5 meters.
Ass. E: Anodontia stearnsiana and Ostrea dense-
lamellosa in the assemblage are conjoined valves and
are buried at a high angle to the bedding plain. The
mollusks live in the silty mud sea bottom, and that is
concordant with a silty lithology. The author thinks that
these shells are autochthonous. The common depth at
which these mollusks live is between the intertidal zone
and 20 meters in depth. Hence, the VDM characteris-
tic curve has two peaks, at the lower intertidal zone and
10 meters in depth. The more dominant peak is the for-
mer but the latter is pretty high. The sea bottom char-
acter is such that mollusks of the assemblage live only
in the intertidal zone and that is almost in accord with
the lithology, except Umbonium (Suchium) moniliferum
and Venatomya truncata. Umbonium (Suchium) monil-
iferum numbers just three individuals in 395 shells.
Venatomya truncata lives in the subtidal zone too, so
that the living depth of the mollusks described by Higo
and Goto (1993) is doubtful (personal commun. by
Shiota, H.). Almost all of the mollusks in the assem-
blage live only below 5 meters in depth, and prefer a
mud or sandy sea bottom. This is concordant with the
lithology. Then we can imagine that Anodontia stearn-
siana and Ostrea denselamellosa are autochthonous.
Hence, the intertidal zone living molluscan shells would
Norihito KAWAMURA 81
be a death assemblage. The assemblage would be
formed by mixture of these assemblages. In conclusion,
the sedimentary depth of the assemblage is inferred to
be the most upper part of subtidal zone. The paleo-
depth would be 5 to 10 meters (Kawamura, 1999a).
Ass. F: The assemblage doesn't have the common
depth of live mollusks. The VDM characteristic curve
has two peaks, at lower intertidal zone and 10 meters
in depth. The most predominant peak is the former but
the latter is pretty high. There is very little difference
of the species number between two peaks. The author
therefore thinks that the assemblage would be formed
by intertidal living shells moving into the deeper sea
bottom. In short, paleo-depth is inferred to be 5 to 10
meters (Kawamura, 1999a).
Ass. G: According to the VDM characteristic
curve, the peak of the assemblage is at the lower inter-
tidal zone. Hence, living mollusks are found at differ-
ent depths in the assemblage, e.g. brackish water living
mollusks Assiminea japonica and Angustassiminea sat-
sumana ; below 5 meters in depth are living mollusks
Cycladicama semiasperoides, Solen (Ensisolen) krusen-
sterni ; and below 10 meters in depth are living mol-
lusks Glossaulax reiniana, Glossaulax didyma hosoyai
and Hemifusus tuba. But subtidal species are a minor-
ity in the assemblage. Then the paleo-depth is inferred
to be the low-water line and/or 5 meters (Kawamura,
1998a).
Ass. H: In the assemblage H, some of Meretrix luso-
ria, Cyclina sinensis and Macoma (M.) incongrua are
conjoined valves. Conjoined valves, separated valves
and shells of gastropods are not so defaced that the mov-
ing distance of shells would be short, namely parautochtho-
nous. The sea bottom of the live mollusks is mud or
sand so that is not contradictory to the lithology. The
common depth of the live mollusks is the lower inter-
tidal zone, except living Glossaulax didyma hosoyai and
Turbonilla (Dunkeria) shigeyasui in the subtidal zone.
Meretrix lusoria, Dosinorbis (Phacosoma) japonicus
and Cyclina sinensis are found with conjoined valves,
and buried at a high angle to bedding plane, so they are
regarded as autochthonous. The common depth of these
shells is the lower intertidal zone and 10 meters
(Kawamura, 2000b). In conclusion, the paleo-depth is
inferred at 0 to 10 meters.
Ass. I: The dominant species of the assemblage
Corbicula (Corbiculina) leana, are buried at high angles
to the bedding plane and form patches, so that the author
thinks the fossils are autochthonous (Kawamura, 2000a).
The assemblage formed in a fresh water area, because
Corbicula (Corbiculina) leana lives in fresh water, such
as a river.
Ass. n: The common depth of the assemblage is
the intertidal zone. Meretrix lusoria, Dosinorbis
(Phacosoma) japonicus, Mactra (M.) veneriformis and
Umbonium (Suchium) moniliferum belong to an inner-bay
sandy bottom association (Matsushima, 1984) and
Batillaria zonalis is a tidal-flat association (Matsushima,
1984). The author thinks that somewhat different bot-
tom character living associations are mixed.
Based on common depth of the assemblage men-
tioned above, the assemblage would be formed with
tidal-flat living species such as Batillaria spp. The
paleo-depth would be approximately 0 meters.
Ass. J2: The common depth of the assemblage is
the intertidal zone so that the paleo-depth as inferred
from the assemblage would be approximately 0 meters.
Ass. J3: The assemblage includes the mollusks;
Meretrix lusoria, Mactra (M.) veneriformis, Umbonium
(Suchium) moniliferum, Ruditapes philippinarum,
Cyclina sinensis and Batillaria zonalis. These species
are members of a tidal-flat association. The common
depth of the assemblage is the intertidal zone. So, the
paleo-depth inferred from the assemblage would be
approximately 0 meters.
Assemblages 11 ~13 are rich in a river-mouth liv-
ing gastropod, Assiminea sp., so that the assemblages
should have been formed a near river-mouth. About
assemblages 12 and 13, radiocarbon ages of the shells
are reverse in ascending order, so that some shells of
assemblage 13 will be reworked fossils. Sedimentary
depth of assemblage 13 is uncertain.
Ass. K: The dominant species of the assemblage,
Umbonium (Suchium) moniliferum and Venatomya trun-
cata, live at intertidal zone (Higo and Goto, 1993). The
bottom living character of the two mollusks is not in
accord with the lithology of the fossil- bearing bed. As
mentioned above, however, Venatomya truncata also
lives in the subtidal zone, and living depth of the other
mollusk, Polin ices sagamiensis, shows a subtidal zone.
Thus that the paleo-depth of the assemblage would be
low-water line to about 10 meters, but the reliability is
relative low.
Relative Holocene sea level change on the
basis of the molluscan assemblages
Reconstruction of sea level by way of inferring
paleo-depth by analyzing fossil assemblages in sedi-
ments, can be used to discuss relative sea level changes
(Masuda, 1998). Kawamura (2000c) inferred sedimen-
tary depth from VDM characteristic curves (Ida, 1956)
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of molluscan assemblages in the Takamatsu Plain. Then
the author infers the paleo-sea level above paleo-depth
from elevations of fossil- bearing beds. In this manner,
Kawamura (2000b, c) showed the Holocene relative sea
level change curve in the Takamatsu Plain. In this
study, new data are added. The author infers some ele-
vation of paleo-sea level based on shell bearing-hori-
zon, and then the relative sea level change curve will
be discussed.
For radiocarbon age determination autochthonous
fossils were collected. If there is no fossil in situ, rel-
atively large, only a little worn-out and conjoined valve
shells, namely indigenous fossils, were collected.
Incidentally, the radiocarbon age report of charred mate-
rials in the sediments with marine fossils (Furuichi,
1984) are used for this discussion. According to Japan
Weather Association Shikoku Center (1998), mean low
water at the Takamatsu Port was approximately 1 meter
below mean sea level during 1993 to 1997.
Ass. A: The Assemblage A (T.P. -2 meters at Loc.
1 in Fig. 1) includes Macoma (M.) incongrua, Mya
(A renomya) arena ria oonogai and Dosinorbis
(Phacosoma) japonicus which are inferred as being
autochthonous from observation of burying positions.
The common depth that these species can live together
is the low -water line to 10 meters. Considering the fact
that the radiocarbon age of the shell is 1,030 ± 60 yrs
BP, the elevation of the paleo-sea surface about 1,000
yrs BP can be inferred to be between T.P. -1 to 8 meters
(letter "m" in Fig. 5).
Ass. B: The Assemblage B (T.P. -9 to -8.5 meters
at Loc. 7 in Fig. 1) shows that the depth of sedimenta-
tion is 5 to 20 meters. Since the radiocarbon age of the
shell is 5,820 yrs BP, the elevation of paleo-sea sur-
face is about 5,800 ± 50 yrs BP (letter "e" in Fig. 5)
and can be inferred to be between T.P. -4 to 11.5
meters. Furthermore, since the Assemblage C (T.P. -8
meters) is of the same species composition, the depth
of sedimentation could inferred as the same.
Ass. D: The Assemblage D (T.P. -1 meters at Loc.
8 in Fig. 1) shows the depth of sedimentation of the bed
to be between 0 and some meters. Since the radiocar-
bon age of the shell is 130 ± 50 yrs BP, the elevation
of the paleo-sea surface about 130 yrs BP (letter "n"
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in Fig. 5) can be inferred to be between TP. -1 to 2
meters.
Ass. E: The Assemblage E (TP. -7 to -6 meters
at Loc. 6 in Fig. 1) shows the depth of sedimentation
is between 5 and 10 meters. Considering the radiocar-
bon age of the shell which was found at T.P. -7 meters
is 3,600 ± 60 yrs BP, the elevation of the paleo-sea
surface is about 3,600 yrs BP (letter "k" in Fig. 5) and
can be inferred to be between T.P. -2 to 3 meters.
Ass. F: The Assemblage F (T.P. -8 to -7 meters
at Loc. 6 in Fig. 1) shows that the depth of sedimenta-
tion of the bed is between 5 and 25 meters. Considering
the radiocarbon ages of the shell which was found from
the upper level of the Assemblage Fare 4,590 ± 60
yrs BP and 3,600 ± 60 yrs BP, the elevation of the
paleo-sea surface lie between 4,600 yrs BP and 3,600
yrs BP and can be inferred to be between T.P. - 3 to 17
meters (letter "h" in Fig. 5).
Ass. G: The Assemblage G (T.P. -1.8 meters at
Loc. 28 in Fig. 1) shows the depth of sedimentation is
between low-water line and 5 meters. Since the radio-
carbon age of the shell is 2,970 ± 50 yrs BP, the ele-
vation of the paleo -sea surface about 3,000 yrs BP (let-
ter "( in Fig. 5) can be inferred to be between TP.
- 2 to 3 meters.
Ass. H: The Assemblage H (at Loc. 29 in Fig. 1)
shows the depth of sedimentation is between the lower
intertidal zone and 10 meters. b DC value of Cyclina
sinensis of the assemblage, however, suggests a brack-
ish water living mollusk. The author therefore thinks
the assemblage was deposited at the intertidal zone.
Considering the radiocarbon age of the shell found at
T.P. -4.5 meters is 7,010 ± 110 yrs BP, the elevation
of the paleo - sea surface about 7,000 yrs BP can be
inferred to be between TP. -4 meters (letter "a" in
Fig. 5). Furthermore, considering the radiocarbon age
of the shell found at TP. -4.0 meters is 6,130 ± 70
yrs BP, the elevation of the paleo-sea surface about
6,100 yrs BP can be inferred to be between T.P. -4 to
6 meters (letter "c" in Fig. 5). Since the radiocarbon
age of the shell found at T.P. -3.5 meters is 5,940 ±
80 yrs BP, the elevation of the paleo-sea surface about
5,900 yrs BP can be inferred to be between TP. - 3.5
to 6.5 meters (letter "d" in Fig. 5).
Ass. I: The Assemblage G includes Corbicula
(Corbiculina) Leana (T.P. -5.5 meters at Loc. 29 in Fig.
I). Corbicula (Corbiculina) Leana lives in the fresh
water. Since the radiocarbon ages of the shell is 6,830
± 120 yrs BP, the elevation of the paleo-sea surface
can be inferred to be below T.P. -5 meters about 6,800
yrs BP (letter "b" in Fig. 5).
Ass. J1: The Assemblage Jl (TP. -3.25 meters at
Loc. 29 in Fig. 1) shows the depth of sedimentation is
between 0 and 5 meters. Since the radiocarbon age of
the shell is 5,340 ± 70 yrs BP, the elevation of the
paleo-sea surface about 5,300 yrs BP can be inferred
to be between T.P. - 3 and 7 meters (letter "g" in Fig.
5).
Ass. J2: The Assemblage 12 (T.P. -2.9 meters at
Loc. 29 in Fig. 1) shows the depth of sedimentation is
between 0 and 5 meters. Since the radiocarbon age of
the shell is 3,930 yrs BP, the elevation of paleo-sea sur-
face about 3,900 yrs BP can be inferred to be between
TP. - 3 and 7 meters (letter "j" in Fig. 5).
Ass. K: Though the individual number of shells in
the assemblages is small, the Assemblage K (TP. -4
meters at Loc. 14 in Fig. 1) shows that the depth of sed-
imentation is between low-water line and 10 meters.
Since the radiocarbon age of the shell is 4,030 ± 70
yrs BP, the elevation of the paleo-sea surface about
4,000 yrs BP can be inferred to be between T.P. -4 to
6 meters (letter "i" in Fig. 5).
others: According to Furuichi (1984), the radio-
carbon ages of charred materials in the sediments with
marine fossils at the Ban -cho Central Park (east of Loc.
5) are as follows; 5,930 ± 170 yrs BP at TP. -3 meters
and 4,910 ± 140 yrs BP at T.P. -2 meters. These ele-
vations and ages suggest the lower limit of sea surface
at each age (letters "0" and Up" in Fig. 5).
The age of shipworm bored wood at T.P. -2.0
meters is 3,630 ± 60 yrs BP. This suggests the sea
surface around 3,600 yrs BP was higher than TP. -2.0
meters (letter "q" in Fig. 5).
No crustal movements by earthquakes is known
during Holocene in the Takamatsu Plain. The thickness
of the Holocene sediments is less than 20 meters
(Kawamura, 2000c) and thus subsidence by compression
of beds would hardly influence the relative sea level
change curve.
Next the author will discuss sea level changes
based on the description of stratigraphy, radiocarbon
ages and assemblages of molluscan shells.
Fig. 5 represents relative sea level change curve on
the basis of the above mentioned paleo-sea level.
We can convert the relative sea level change curve
into a calibrated one ( Fig. 5 (b)).
The relative sea level change curve looks like the
one for the Osaka Bay, based on radiocarbon ages of
molluscan shells Ii ving in the intertidal zone (Maeda,
1980a, b). Around 7,000 yrs BP, however, the eleva-
tion of the paleo-sea level in the Takamatsu Plain was
5 meters higher than the Osaka Bay (Fig. 5 (a)).
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Plain, the author uses the accumulation curves based on
elevation of the horizons of shell- bearing beds and the
radiocarbon ages, illustrated in an elevation - radiocar-
bon age diagram. The accumulation curve was drawn
by connecting plotted dots about elevation vs radiocar-
bon age (Masuda, 1988). In this study, the author uses
calibrated radiocarbon ages to avoid apparent reverse in
age. Fig. 6 shows the accumulation curve in the
Takamatsu Plain.
One accumulation curve is that of the Kasuga -cho
sands at Loc. 29 (Fig. 6). This curve shows that the
sedimentation proceeded done until 6,000 cal yrs BP.
On the accumulation curve, the sections of the curve
between 7,945 cal yrs BP and 6,790 cal yrs BP, and
between 6,790 cal yrs BP and 6,190 cal yrs BP look
like almost straight lines. If the inclination of these
straight lines equal the rate of accumulation, the rates
are about 2 to 3 mm/ yr during 7,945 cal yrs BP to
6,790 cal yrs BP and about 0.4 mm/ yr during 6,790 cal
yrs BP to 6,190 cal yrs BP. Then a decrease of accu-
mulation rate would have taken place since 6,790 cal
yrs BP (5,940 yrs BP). The rate of the sea level rais-
ing shown by the relative sea level change curve of
Masuda (2000), is 4 mm/yr during 8,000 cal yrs BP to
6,000 cal yrs BP. The value of sea level rising and
accumulation rate of the delta are almost equal. This
fact can therefore explain that the Kasuga-cho sands
comprise of accumulations of tidal- flat facies.
At the Nishiuchi-machi and the Hamano-cho
(Locs. 6 to 8) in the Central Coastal Area, the acco-
modation rates of the Nishiuchi -machi muds and the
Nishiuchi -machi sands are divided into three sections
Naruse et at. (1985) showed the relative sea level
change curve using radiocarbon ages in the Harimanada,
Seto Inland Sea, and referring to the curve obtained by
intertidal molluscan shells in the Osaka Bay area
(Maeda, 1980). That curve is generally concordant with
this study.
The paleo-sea level elevation in Fig. 5 has some
errors for the range of depths of molluscan lives.
However we can infer the trend of relative sea level
change by connecting all medians of inferred paleo-sea
levels. During 5,000 yrs BP to 4,000 yrs BP, the rela-
tive sea level would somewhat fall, then around 3,000
yrs BP, the paelo-sea level would become higher again.
The minor regression between 5,000 yrs BP and 4,000
yrs BP can be correlated wi th "sea level fall during
mid-lomon age (Ota et at., 1982)". Naruse et at. (1985)
also showed that the sea level fell around this age sim-
ilar to the findings of this study. The author, however,
brings to attention that the range of relative sea level
change is less than the range of the error of paleo-depth.
Because of the lack of radiocarbon ages, we cannot dis-
cuss the relative sea level change since 3,000 yrs BP.
The calibrated relative sea level change curve sug-
gests that the paleo-sea levels are above T.P. -5 meters
7,000 cal yrs BP, above T.P. - 3 meters 6,000 cal yrs
BP and above T.P. -3 to -2 meters 5,000 cal yrs BP
(Fig. 5 (b».
Masuda et at. (2000) showed the relative sea level
change curve in the Osaka Bay based on ostracodes
assemblage analysis considering sedimentary facies.
The inclination of both the relative sea level curve dur-
ing 8,000 cal yrs BP to 6,000 cal yrs BP is the same.
The highest elevation of sea -level in the Takamatsu
Plain is about 7 meters higher than that of Osaka Bay
area. The relative sea level since 6,000 cal yrs BP in
the Takamatsu Plain, is concordant with that of the
Osaka Bay area. Masuda et at. (2000) considered the
local reservoir effect of AMS radiocarbon ages but they
didn't describe the duration of the effect. In this study,
this effect is not considered. If the author adopts 400
years for calibration of local reservoir effect, as we use
frequently, the difference of the elevation between both
relative sea level change curves gets closer. But in the
Takamatsu Plain, the elevation shown by the curve is
still some meters higher than the Osaka Bay area before
6,000 yrs BP. This difference would be caused by sub-
sidence in the Osaka Bay area.
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as follows; between 6,600 cal yrs BP and 4,000 cal yrs
BP, 4,000 and 3,850 cal yrs BP and since 3,850 cal yrs
BP.. The rate of accumulation of the Nishiuchi -machi
muds (6,600 cal yrs BP~4,000 cal yrs BP) was 0.8
mm/yr. Between 4,000 cal yrs BP and 3,850 cal yrs BP
when the Nishiuchi -machi sands deposited, the rate was
4 mrn/yr. Since 3,850 cal yrs BP when the Nishiuchi-
machi gravels deposited, the accumulation rate was rel-
atively low again; 0.3 mm/yr.
Geomorphological development of the
Takamatsu Plain since the late Pleistocene
The author will discuss the geomorphological
development since the late Pleistocene in the Takamatsu
Plain, on the basis of lithofacies analysis, inferred depo-
sitional environment by way of molluscan fossil assem-
blage analysis, wide spread volcanic ash correlation,
radiocarbon ages of fossils, relative sea level change
curve and distribution of ruins.
Fig. 7 represents the paleo - geomorphological
development and Fig. 8 shows the paleo - geomorpho-
logical maps of the Takamatsu Plain.
(1) ca. 25,000 yrs BP: formation of the Kotogawa Fan
(stage PI)
Before the Takamatsu 1 volcanic ash fell, the Ban-
cho gravels deposited mainly sandstone gravels. This
fact means that influence of the Kasugagawa-Shinkawa
River on the fan deposits had become weak and that
rivers flowed only in the eastern area of the plain. Only
the Kotogawa River had supplied sediment to the fan.
The author names the fan at this stage as the Kotogawa
Fan (stage PI).
The sandy gravels of the Fukuoka -cho muds are
found around the lower reaches of the Gobogawa River.
The beds shows river channel sediments. The author
named the river, the Paleo-Kotogawa River. Then the
Takamatsu 1 volcanic ash fell and the volcanic ash layer
deposited in the Fukuoka -cho muds. Hence, according
14C Sea level change Stratigraphy Geomorphological change Rivers
ages
transgression Eastem Central EastemNaruse at sf. (1985) Central
[yrs BP] [T.P.m] and Coastal Coastal Coastal Area Coastal Area
-5 0 +5 regression Area Area KG FKS
0
artificial materials reclaimed land
,
,
,
,
,
1,000 ) ,
,
coastal plain ,,
,
2,000 ) ,Nig Nis ,,,
3,000
>
K~~~~awa- ,~e\~a a If) ,,
NIS ka1eo- ,,4,000 Mid Jomon otogawa ,
minor delta ,( flood plain ,regression ,,,
5,000 ,
D
'-- ,
?
,Ja~o-Nim a amatsu
6,000
-----
? ay
~omon . ~ransgresslon
l.--" Kas Kasuqaqawa-Shinkawa Delta( I )7,000 Koto1awaHag Fan PII) flood plain10,000
Fum flood plain
25,000 --- Tk1 volcanic ash -- (back marsh) ?
Bag Kotogawa Fan (P I )
Fig. 7 Geomorphological development of Takamatsu Plain.
Relative sea level change curve is after Maeda (l980a, b) and Naruse et al. (1985). Abbreviations
of beds are same as in Fig. 3. Abbreviations of rivers are as follows; K: Kotogawa, G: Gobogawa,
F: Furukawa (the former channel in eastern part of the Kotogawa Fan), KS: Kasugagawa and
Shinkawa.
86 Late Pleistocene and Holocene sediments and geomorphological development of the Takamatsu Plain, Kagawa Prefecture, southwest Japan
(a) ca. 25,000 yrs BP
o 2km
1 !
(b) ca. 10,000 yrs BP
(d) c a. 5,000 yrs BP
~5~6
10 I~111 1/--/ 1 12
~3~4
1/1 9 1/1
2
~8
~
Fig. 8 Paleo-geomorphological map of Takamatsu Plain.
I: Paleo-Kotogawa Delta, 2: Kasugagawa-Shinkawa Delta, 3: natural levee zones, 4: Kotogawa Fan
(stage P II), 5: Kotogawa Fan (stage PI), 6: terrace, 7: alluvial cone and talus, 8: hill and moun-
tain, 9: lower terrace scarp, 10: Holocene terrace scarp, 11: river channel, 12: buried river channel
Norihito KAWAMURA 87
to contour lines of the bottom of the Takamatsu I vol-
canic ash in the Eastern Coastal Area, the author can
reconstruct the valley along the Kasugagawa -Shinkawa
Ri ver. Along the valley, the Fukuoka -cho muds is
found and frequently comprises peaty sediment. Thus
the author concludes that back-marsh could be
extended. (Fig. 8 (a». The Takamatsu I volcanic ash
can be correlated with the Aira - Tn volcanic ash (AT)
the latter having erupted at about 24,000-25,000 yrs
BP (Tsuji et aI., 2000). Radiocarbon ages from
Fukuoka-cho muds are 27,000-24,000 yrs BP. Then,
the back - marsh was formed at the last glacial stage
(Kawamura, 2000d).
It is noteworthy that, in the eastern part, the vol-
canic ash correlated with AT (History of Miki Town
Editorial Committee, 1988). Thus the Kasugagawa-
Shinkawa River produced flood plains along the chan-
nels in the eastern plain area. Some river channel sed-
iments included the Takamatsu I volcanic ash at the
Nakatsuma - Higashi Ruins (Center for archaeological
operations, Kagawa Prefecture, 1997). The author
therefore infers that small rivers would have flowed on
the Kotogawa Fan (stage PI).
(2) ca. 10,000 yrs BP: formation of the Lower
Terrace and the Kotogawa Fan (stage P n).
The Hamano-cho sandy gravels, formed between
13,000 yrs BP and 6,800 yrs BP, are found around
Hamano-cho, in the Central Coastal Area, between
Tsumetagawa and Kasugagawa Rivers and right bank
area of the Kasugagawa River in the Eastern Coastal
Area. The Hamano-cho sandy gravels deposited in the
depressions on the top of the Fukuoka -cho muds. The
author inferred that the Kotogawa Fan (stage PI) sur-
face was dissected. River channels of the Kotogawa
River system flowed on back-marsh sediments and the
lower terrace scarp was formed. The distribution of the
Hamano-cho sandy gravels shows the paths of the chan-
nels. The author names the fan in the channel, the
Kotogawa Fan (stage P II).
Some buried river channels on the Kotogawa Fan
were found with thick sandy gravels filling, at Loc. 27
and west of the locality. Radiocarbon ages of woods
obtained at the Takamatsu Airport Ruins (around Loc.
27 in Fig. 1) in the central of the Kotogawa Fan, are
8,130 yrs BP and 8,120 yrs BP (Center for archaeolog-
ical operations, Kagawa Prefecture, 1996). Around the
ruins, volcanic glass shards correlated with AT are
found in the sandy gravely channel sediments between
surface and 1.4 meters in depth. The buried river chan-
nel sediments on the fan can be correlated with the
Hamano-cho sandy gravels. In conclusion, the top
plane of the Hamano-cho sandy gravels is correlated
with the Kotogawa Fan (stage P II) surface.
Considering the radiocarbon ages of the woods in
the Hamano-cho sandy gravels, the formation of the
Kotogawa Fan (stage P II) was between 13,000 yrs BP
and 8,000 yrs BP. At the Nakatsuma - Higashiitsubo
Ruins in the western part of the Kotogawa Fan, the vol-
canic ash correlated with AT are found in soil (Center
for archaeological operations, Kagawa Prefecture,
1997a). Therefore sedimentation had not occurred in
the area since AT fell. Then Kotogawa Fan (stage P
II) is not found.
(3) ca. 6,000 yrs BP: development of the Kasugagawa-
Shinkawa Delta (stage I)
The Kasuga -cho sands, in the Eastern Coastal
Area, has much products of marine molluscan fossils.
The radiocarbon ages of shells from the Kasuga -cho
sands are 7,010 yrs BP at -4.5m and 5,940 yrs BP at
-3.5m (Table 1). Molluscan assemblages of the
Kasuga -cho sands change from fresh water assemblage
(Ass. I) to marine or brackish water assemblage (Ass.
H) in ascending order. This shows that the depositional
environment changed from river to tidal-flat. Thus, we
can imagine that the Eastern Coastal Area was covered
by sea water between 7,000 yrs BP and 5,900 yrs BP.
Inferred elevation of sea level is about T.P. some meters
considering the median of the range of relative sea level
curve in Fig. 5. In the Western Coastal Area, the
Takamatsu Formation deposited approximately 6,000
yrs BP is not found so that the coastal line is the inter-
section line between the top plane of the Upper
Kotogawa Formation and T.P. 3 meters horizontal plane.
In the Central and the Eastern Coastal Area, location of
the coastal line at that time can be drawn as the inter-
section line between TP. 3 meters and the depositional
plane of Kasuga -cho sands approximately 6,000 yrs BP,
considering radiocarbon ages of the shells, molluscan
living depth and the lowest horizon of volcanic ash cor-
related with K - Ah.
Fig. 8 (c) shows inner-bay in the Takamatsu area
approximately 6,000 yrs BP. The author names it the
Paleo-Takamatsu Bay.
In the Eastern Coastal Area, the Kasuga-cho sands
comprises river facies and tidal-flat facies in ascending
order. So the delta would form at the river-mouth of
the Kasugagawa - Shinkawa Rivers. The author names
the delta the Kasugagawa-Shinkawa Delta (stage I).
Considering elevation of the sea level at that time and
the Kasuga-cho sands found at south of Mt. Yashima,
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the author infers the strait between Mt. Yashima and the
Eastern Coastal Area, and names it "The Yashima
Strait". In the Nishiuchi -machi muds, volcanic glass
shards of AT and K - Ah are found at the west of the
Yashima Strait.
Radiocarbon ages of woods in the river channel
sediments found at Hayashi -cho in the eastern part of
the Kotogawa Fan (Loc. 27 in Fig. 1), are around 8,100
yrs BP (Center for archaeological operations, Kagawa
Prefecture, 1996). Furthermore, most of former river
channels worked at least around the latest-Jomon age
(Center for archaeological operations, Kagawa Prefecture,
1995). Hence, as the accumulation curve of the
Kasugagawa-Shinkawa Delta shows, between 7,000 yrs
BP and 6,000 yrs BP, the accumulation rate of the
Kasuga -cho sands was relatively rapid. The Kasuga-
cho sands includes sandstone gravels from the Sanuki
Mountains brought down by the Kotogawa River sys-
tem. Thus, the Paleo- Kotogawa River would combine
with the Kasugagawa-Shinkawa River around the river-
mouth. Following 1,000 yrs BP, the Paleo- Kotogawa
River had been flowing in the eastern part of the
Kotogawa Fan and some former river channels were
working.
(4) ca. 5,000 to 4,000 yrs BP: Erosion of the
Kasugagawa -Shinkawa Delta (stage I)
At the Nishiuchi - machi (Loc. 6 in Fig. 1), around
the river-mouth of the Gobogawa River, the Nishiuchi-
machi muds was formed between 4,600 yrs BP and
4,000 yrs BP (Kawamura, 2000d). According to radio-
carbon ages of shells and woods, the Nishiuchi-machi
sands would begin to deposit in the Central Coastal Area
until 4,000 yrs BP. Therefore, the Paleo - Kotogawa
River began to flow through as the Gobogawa River
until 4,000 yrs BP (Fig. 8 (d)).
Fig. 5 shows the elevation of paleo-sea level
around 5,000 yrs BP was approximately 0 meters. In
the Western Coastal Area, the coastal line can correlate
with the intersection line of the top plane of the Upper
Kotogawa Formation and T.P. 0 meters horizon. In the
Central Coastal Area, the coastal line can correlate with
the intersection line of the top plane of the Nishiuchi-
machi muds and T.P. 0 meters horizon. In the Eastern
Coastal Area, the coastal line can correlate with the
intersection line of the top plane of the Kasuga -cho
sands or the Nishiuchi - machi muds and T.P. 0 meters
horizon. This coastal line is located 2 or 3 kilometers
south from the present one. Around 5,000 yrs BP, the
Paleo-Takamatsu Bay would be reduced and in size
then the tidal-flat becomes land. River channels elon-
gated on the delta.
At Kasuga-cho, reverse in radiocarbon ages of
shells since 5,300 yrs BP, means erosion of the Kasuga-
cho sands when the Kasugagawa -Shinkawa Delta (stage
I) dissected. At same time, the Paleo- Kotogawa River
began to erode the Kotogawa Fan (stage P II), and the
Holocene Terraces (Takahashi, 1987) or the Lower
Terraces (Geographical Survey Institute, 1986) would
form. Considering these ages, erosion of the delta and
fan would be related with sea level fall during mid-
Jomon age (Ota et al., 1982).
(5) ca. 4,000 to 3,000 yrs BP: growth of the Paleo-
Kotogawa Delta and formation of the Kasugagawa-
Shinkawa Delta (stage II)
Age of deposition of the Nishiuchi-machi sands
was 4,000 yrs BP to 3,000 yrs BP in the Central and
Eastern Coastal Area, and that of the Nishiuchi -machi
gravels was 3,600 yrs BP to 130 yrs BP for the Central
Coastal Area.
At the Kasuga -cho (Locs. 28 and 29 in Fig. 1), in
the Eastern Coastal Area, radiocarbon ages of shells in
the Nishiuchi -machi sands are 3,930 yrs BP at T.P.
-2.8m and 2,970 yrs BP at T.P. -1.8m (Table 1). Then,
the age of deposition of the Nishiuchi - machi sands on
the delta would be 4,000 yrs BP to 3,000 yrs BP. These
Assemblages G and Jl to 13 are tidal-flat assemblages.
The top plane of the Nishiuchi - machi sands forms the
surface of the delta so that the delta would be formed
approximately 4,000 yrs BP to 3,000 yrs BP. The
author names the delta the Kasugagawa - Shinkawa Delta
(stage II). The delta mass developed poorly during the
stage II. The reason why the topset beds of the
Kasugagawa-Shinkawa Delta (stage I, II) is poor, is
the erosion of the topset beds of stage I delta and
decrease of alluviation during stage II.
The Nishiuchi - machi sands are less in gravel and
rich in sand. This is characteristic of the sediments of
the Kasugagawa-Shinkawa River (Takakuwa, 1976).
After the channels of the Kotogawa River moved to
west, influx to the Kasugagawa - Shinkawa Delta would
be only to the Kasugagawa -Shinkawa River. This
explains the poor alluviation of the delta.
In the Central Coastal Area, considering the radio-
carbon ages of the Nishiuchi -machi sands and Nishiuchi-
machi gravels, the Kotogawa Delta began to deposit
until 4,000 yrs BP, and then ceased to form the beds
until about 3,600 yrs BP (Kawamura, 2000d). In other
areas, the ages of delta growth was between 4,000 yrs
BP and 3,000 yrs BP (Umitsu, 1994).
Fig. 5 shows that the elevation of paleo-sea level
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was approximately 0 meters at 3,000 yrs BP. In the
Western Coastal Area, the Takamatsu Formation
deposited approximately 3,000 yrs BP, is not found so
that the coast line can be correlated with the intersec-
tion line between the top surface of the Upper Kotogawa
Formation and horizontal plane of T.P. 0 meters. In the
Central Coastal Area, the coast line can be correlated
with the intersection line between the top surface of the
Nishiuchi - machi gravels and horizontal plane of T.P. 0
meters. In the Eastern Coastal Area, the coast line can
be correlated with the intersection line between the top
surface of the Nishiuchi -machi sands and horizontal
plane of T.P. 0 meters. The coast line would locate
north from the coast line approximately 5,000 yrs BP
and 1 to 2 kilometers south of the recent coast line (Fig.
8 (e)).
(6) ca. 3,000 to 1,000 yrs BP: decrease of accomo-
dation rate of the deltas
The channels on the eastern part of the Kotogawa
Fan were eroded since the late-Jomon age (Center for
archaeological operations, Kagawa Prefecture, 1995).
Next, the channels were buried since the 9th century
(Center for archaeological operations, Kagawa
Prefecture, 2000). The author imagines that these chan-
nels were lost as the river channels of the Kotogawa
River switched to the Gobogawa River until 4,000 yrs
BP. In the Eastern Coastal Area, the beds formed since
3,000 yrs BP is not found so that progradation of the
Kasugagawa-Shinkawa Delta (stage II) would be
almost stopped. At Hamano-cho, in the Central Coastal
Area, the Nishiuchi - machi sands and the Nishiuchi-
machi gravels are interfingered. Radiocarbon ages of
shells are as follows; Paphia (P.) vernicosa found at
T.P. -9 meters is 2,840 yrs BP and Ruditapes philip-
pinarum is 130 yrs BP, at Hamano-cho (Loc. 8 in Fig.
I). Calibrated age of the latter is AD 1,675~1,945
(Table 1). On the basis of these radiocarbon ages, the
Nishi uchi - machi gravels deposited on and off between
3,000 yrs BP and Showa age, in the Central Coastal
Area. But the Paleo- Kotogawa Delta has hardly grown
seaward.
As mentioned above, since approximately 3,000 yrs
BP the Kasugagawa - Shinkawa Delta had hardly pro-
graded. And the accumulation rate seaward would be
low or almost zero. In addition, on the Kasugagawa-
Shinkawa Delta (stage II), the main channel of the
Kotogawa River switched to around the Gobo River and
then the influx to eastern part of the plain by the
Kotogawa River would decrease (Kawamura, 2002).
The Paleo-Kotogawa Delta, however, reduced the
progradation. So another cause would occur; e.g.
decreasing influx by the rivers in the Sanuki Plain area or
reworking of sediments by off-coast currents
(Kawamura, 2002).
In the Western Coastal Area, channel sediments
covered the marine beds and a relatively small delta
would be formed until 1,000 yrs BP. The Honzugawa
- Kotogawa Delta would begin to deposit until 1,000
yrs BP, because the radiocarbon age of the shell is 1,030
± 60 yrs BP at T.P. -2.5 meters, Goto-cho (Loc. 1 in
Fig. 1).
Summary
(1) The sub-surface geology of the coastal area of the
Takamatsu Plain is as follows; the Middle to Upper
Pleistocene comprises non - marine the Lower, Middle
and the Upper Kotogawa Formations. The middle
Kotogawa Formation is subdivided into the Lower
Kotobuki -cho sandy gravels, the Kotobuki -cho muds
and the Upper Kotobuki -cho sandy gravels in ascend-
ing order. The Upper Kotogawa Formation is divided
into two members; the Ban -cho gravels and the
Fukuoka -cho muds in ascending order. The uppermost
Pleistocene and Holocene are the Takamatsu Formation.
The formation is subdivided into five members;
Hamano-cho sandy gravels, Kasuga-cho sands,
Nishiuchi-machi muds, Nishiuchi-machi sands and
Nishiuchi-machi gravels in ascending order.
(2) A volcanic ash; namely, the Takamatsu 2 volcanic
ash in the Kotobuki - machi muds of the Middle
Kotogawa Formation. The volcanic ash can be corre-
lated with the Kikai - Tozurahara volcanic ash.
(3) Holocene relative sea level change curve in the
Takamatsu Plain shows that the maximum of sea level
occurred around 6,000 yrs BP and elevation would be
T.P. some meters. Then between 5,000 yrs BP and
4,000 yrs BP, the relative sea level would fall and this
event corresponds with "regression during mid-Jomon
age". Since 3,000 yrs BP, sea level change is not well
known. No evidence of movement caused by earth-
quakes is known.
(4) Geomorphological development of the Takamatsu
Plain since the late Pleistocene is as follows.
i) ca. 25,000 yrs BP, the Kotogawa Fan (stage PI)
was formed by the Paleo - Kotogawa River and north of
the fan, back-marsh extended.
ii) ca. 13,000 yrs BP to 6,800 yrs BP, lower terrace
scarp was formed and the Hamano-cho sandy gravels
deposited as valley fill sediments and formed the
Kotogawa Fan (stage P II).
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iii) ca. 7,800 yrs BP to 5,300 yrs BP, in the Eastern
Coastal Area, during the Jomon Transgression and after,
the Kasuga -cho sands was formed at river facies and
next at tidal-flat of the Kasugagawa -Shinkawa River.
Thus, the Kasugagawa-Shinkawa Delta (stage I) was
formed.
iv) ca. 5,300 yrs BP to 3,900 yrs BP, most of the Paleo-
Kotogawa Delta was formed by the Paleo - Kotogawa
River in the Central Coastal Area.
v) ca. 4,000 yrs BP to 3,000 yrs BP, the Nishiuchi-
machi sandy gravels was formed as the topset beds at
the Plaeo- Kotogawa Delta system. The Nishiuchi-
machi sands were then deposited as the Kasugagawa-
Shinkawa Delta (stage II).
vi) since ca. 1,000 yrs BP, the Kotogawa - Honzugawa
Delta was deposited at the river-mouth of the west
channel of the Kotogawa River, in the Western Coastal
Area.
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